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ABSTRACT 
The r e s u l t s  f o r  t h e  f i r s t  s i x  months of r e sea rch ,  conducted 
under NASA Research Grant NGR 25-001-007, t o  determine Propagation 
r e l i a b i l i t y  i n  t h e  2 GHz frequency reg ion  are presented .  
has  been performed i n  two phases. 
This  work 
Phase I ,  t h e  l i t e r a t u r e  survey, has been completed. The r e s u l t s  
were submitted t o  t h e  NASA techn ica l  monitor f o r  t h i s  g ran t  on January 
5, 1966. Copies of t h i s  l i t e r a t u r e  survey are submit ted under s e p a r a t e  
cover.  
I n  Phase 11, t h e  experimental  r e l i a b i l i t y  s tudy ,  t h e  pa ths  t o  be 
used have been s e l e c t e d .  
Transmission Corporation 2 GHz microwave system. 
These pa ths  are p a r t  of t h e  Texas Eas te rn  
Ins t rumenta t ion  of 
a l l  t e n  pa ths  f o r  s i g n a l  level d i s t r i b u t i o n  a n a l y s i s  has  been completed. 
For t h e  r epor t ing  per iod  ending March 15, 1966, approximately twenty 
percent  of t h e  t o t a l  s i g n a l  d i s t r i b u t i o n  d a t a  has  been taken.  
f i v e  percent  of t h i s  d a t a  has  been analyzed. 
Seventy- 
Work i s  underway f o r  
ob ta in ing  simultaneous recordings of t h e  receiver AGC s i g n a l s  f o r  t h r e e  
propagat ion pa ths .  The recorded AGC s i g n a l s  w i l l  be  c ross -cor re ia ted  
t o  determine i f  v a r i a t i o n s  i n  s i g n a l  s t r e n g t h  are due only t o  changes 
i n  l o c a l  meteoro logica l  condi t ions  along t h e  propagat ion pa th ,  as 
assumed under c u r r e n t l y  accepted t h e o r i e s  of microwave propagat ion 
over o p t i c a l  pa ths .  
. 
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I. PROJECT OBJECTIVES 
The p r i n c i p a l  o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  determine t h e  propa- 
ga t ion  r e l i a b i l i t y  of microwave s i g n a l s  i n  t h e  2 GHz frequency reg ion  i n  
t h e  Gulf-South Region of t h e  United S t a t e s .  The approach f o r  s a t i s f y i n g  
t h i s  o b j e c t i v e  c o n s i s t s  of two phases. 
The o b j e c t i v e  of Phase I was t o  review t h e  e x i s t i n g  l i t e r a t u r e  on 
propagat ion s t u d i e s  i n  t h e  2 GHz frequency reg ion .  The information from 
t h e  l i t e r a t u r e  survey served as a guide f o r  planning t h e  experimental  
program f o r  Phase 11. 
The o b j e c t i v e  of Phase I1 is t o  determine t h e  f ade  margins requi red  
i n  o rde r  t o  achieve a p a r t i c u l a r  propagat ion r e l i a b i l i t y  i n  t h e  2 GHz 
frequency region.  This  propagat ion r e l i a b i l i t y  information should be 
v a l i d  f o r  va r ious  pa th  lengths  i n  t h e  Gulf-South Region. 
of a microwave l i n k  i s  def ined  as t h e  r a t i o  (usua l ly  expressed i n  dec ibe l s )  
of t h e  median received s i g n a l  power t o  t h e  minimum usable  s i g n a l  power. 
The median received power i s  the  l e v e l  of t h e  rece ived  power which is  
exceeded f i f t y  percent  of t h e  t i m e .  The minimum usable  power corresponds 
t o  t h e  minimum s i g n a l  l e v e l  t h a t  t h e  r e c e i v e r  can d e t e c t  and s t i l l  main ta in  
a usable  output .  
The f ade  margin 
Knowledge of t h e  des i red  f ade  margin and median rece ived  s i g n a l  a l lows 
t h e  sub-systems of t h e  t r ansmi t t i ng  and r ece iv ing  s t a t i o n  t o  be determined. 
. 
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11. PHASE I - LITERATURE SURVEY 
A l i t e r a t u r e  survey has  been conducted t o  determine t h e  e x i s t i n g  
state-of-knowledge of propagatfon r e l i a b i l i t y  f o r  microwave s i g n a l s  i n  
t h e  frequency range of 1 GHz through v i s i b l e  l i g h t .  
l i t e r a t u r e  survey has  been published through t h e  Engineering and I n d u s t r i a l  
Research S t a t i o n  a t  Miss i s s ipp i  State Univers i ty .  The genera l  conclusions 
from t h i s  l i t e r a t u r e  survey are given below. 
A summary of t he  
1 
There are s e v e r a l  po in t s  concerning microwave t ransmiss ion  t h a t  
occur  r epea ted ly  i n  t h e  l i t e r a t u r e .  These main p o i n t s  are: 
1. 
2. 
3.  
4 .  
Fading a c t i v i t y  i s  a t  a minimum during co ld  weather and a t  a 
maximum dur ing  hot  weather and dur ing  n i g h t  hours.  
agrees  wi th  t h e  theory t h a t  when t h e  a i r  is  w e l l  mixed, as 
i t  usua l ly  i s  during cold,  windy, o r  r a iny  weather ,  t ransmiss ion  
is  usua l ly  s teady .  In  t h e  daytime t h e  a i r  i s  b e t t e r  mixed 
than  dur ing  t h e  n igh t  hours when cool ing  r e s u l t s  i n  temperature  
inve r s ions  i n  t h e  lower l a y e r s  of t h e  atmosphere. 
C a l m ,  s t i l l  a i r  seems t o  be  a cond i t ion  t h a t  promotes strati- 
f i c a t i o n  and duct  formation. 
Space d i v e r s i t y  recept ion  w i l l  prove b e n e f i c i a l  i n  reducing 
f ad ing  due t o  mult ipath e f f e c t s .  
Fades f o r  d i f f e r e n t  f requencies  do no t  o f t e n  occur s imultaneously;  
This  
A Summary of Experimental Research On Microwave Propagation Over Opt i ca l  1 , l  
Pa ths ,"  Prepared Under NASA Research Grant NGR 25-001-007. January 4 ,  1966. 
c 
. 
5. 
6 .  
7. 
8. 
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hence, frequency d i v e r s i t y  should prove b e n e f i c i a l  i n  reducing 
outages due t o  fades .  
There does not  seem t o  be a g r e a t  d e a l  of d i f f e r e n c e  i n  t h e  
fad ing  c h a r a c t e r i s t i c s  of h o r i z o n t a l l y  and v e r t i c a l l y  po la r i zed  
waves. 
R a i n f a l l  a t t e n u a t i o n  i s  of l i t t l e  importance f o r  f requencies  
where wavelengths are 5 cm o r  more. 
S igna l  f l u c t u a t i o n s  are assumed t o  be due t o  atmospheric changes 
along the  propagat ion path under cons idera t ion .  
There i s  assumed t o  be l i t t l e  c o r r e l a t i o n  between t h e  fad ing  
occurr ing  over two d i f f e r e n t  pa ths .  However, i t  is  a l s o  assumed 
t h a t  t h e  c o r r e l a t i o n  of t h e  yea r ly  s t a t i s t i ca l  averages between 
two pa ths  having t h e  same l eng th ,  and l y i n g  w i t h i n  t h e  same 
geographical  area i s  q u i t e  high. 
Severa l  t o p i c s  r e q u i r i n g  a d d i t i o n a l  s tudy  have become apparent  from 
t h e  l i t e r a t u r e  review. These top ic s  are: 
1. The e f f e c t s  of d i f f e r e n t  pa th  l eng ths  i n  t h e  same geographical  
area on propagat ion r e l i a b i l i t y .  No s e r i o u s  a t tempts  t o  
de r ive  a r e l a t i o n s h i p  between pa th  l eng th  and the  fad ing  
a c t i v i t y  have been undertaken. This  type  of information is  
important t o  t h e  connnunications system des igner .  
2. The e f f e c t s  of geographical  l o c a t i o n  on propagat ion r e l i a b i l i t y .  
By s tudying t h e  propagation r e l i a b i l i t y  of similar pa ths  i n  
d i f f e r e n t  geographical  areas, t h e  e f f e c t s  of geographical  
l o c a t i o n  could be determined. 
5 . 
3. The effects of elevation angle on fading activities for 
elevation angles in excess of one degree should be determined. 
Research conducted on these topics should provide some answers that 
will lead to methods of predicting propagation reliability of microwave 
links. 
. 
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111. PHASE I1 - EXPERIMENTAL RELIABILITY STUDY 
Extensive experimental  work f o r  determining propagat ion c h a r a c t e r i s t i c s  
a long o p t i c a l  microwave t ransmission pa ths  has  been performed throughout 
s c a t t e r e d  reg ions  i n  North America. However, only l i m i t e d  and inconclus ive  
experimental  work has been c a r r i e d  out  f o r  t he  Gulf-South geographical  
region.  The importance of determining propagat ion c h a r a c t e r i s t i c s  i n  t h i s  
reg ion  i s  made ev ident  by consider ing t h e  ground l i n k  of t h e  communications 
system f o r  t h e  Apollo program. This communications system w i l l  e x i s t  over 
o p t i c a l  pa ths ,  some of which have t e r r a i n  and environmental  c h a r a c t e r i s t i c s  
q u i t e  similar t o  t h e  Gulf-South a rea .  Propagation r e l i a b i l i t y  has  no t  been 
determined, by e i t h e r  a n a l y t i c a l  o r  experimental  methods, f o r  t ransmiss ion  
pa ths  i n  t h i s  p a r t i c u l a r  region.  
The p r i n c i p a l  o b j e c t i v e  of Phase I1 is t o  determine thc fzde margins 
r equ i r ed  f o r  va r ious  parrh le i ig t f . ,~  511 t h e  Gulf-South area i n  o rde r  t o  
achieve  a p a r t i c u l a r  propagation r e l i a b i l i t y  i n  t h e  2 GHz frequency region. 
For t h e  experimental  phase of the  propagat ion s tudy p a r t i c u l a r  pa ths  i n  
t h i s  frequency reg ion  and geographical  area have been instrumented t o  
o b t a i n  propagat ion r e l i a b i l i t y  information.  
s e v e r a l  a spec t s  of t h e  experimental  phase are d iscussed  and t h e  cu r ren t  
I n  t h e  fo l lowing  paragraphs 
s t a t u s  given. 
A .  Path  Location: 
fo l lowing  condi t ions .  
The pa th  loca t ions  were s e l e c t e d  t o  s a t i s f y  t h e  
(a )  D i f f e ren t  path lengths  i n  t h e  same geographical  area. 
(b)  S imi la r  pa th  lengths  i n  d i f f e r e n t  geographical  areas. 
(c)  A path  wi th  an e leva t ion  angle  g r e a t e r  than  one degree.  
7 
c 
I 
I 
Ten pa ths  of t h e  Texas Eastern Transmission Corporat ion microwave 
system were instrumented. This microwave system ope ra t e s  a t  a frequency 
of 2 GHz. 
Table A gives  t h e  l o c a t i o n ,  pa th  l eng th ,  and ope ra t ing  frequency 
of n ine  instrumented pa ths .  
t o  geographical  reg ion  and thus  s a t i s f y  condi t ion  ( a ) .  Three geographical  
reg ions  are ind ica t ed  wi th  t h r e e  pa ths  i n  each region.  
Figure 1 shows t h e  gene ra l  geographical  reg ions .  
These pa ths  are grouped toge the r  according 
The ske tch  i n  
Table B shows t h e  pa th  loca t ions  grouped toge ther  according t o  t h e  
l eng th  of t h e  t ransmiss ion  pa th .  Note t h a t  a similar p a t h  (wi th  r e spec t  
t o  l eng th )  e x i s t s  i n  each geographical  region.  This  s a t i s f i e s  condi t ion  
(b) given above. 
Table C g ives  t h e  loca t ion ,  pa th  l eng th ,  and ope ra t ing  frequency 
of a s i n g l e  pa th .  
and thus  s a t i s f i e s  condi t ion  (c) above. 
The e l eva t ion  angle  of t h i s  pa th  is  approximately 1.5" 
c 
. 
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B. Instrumentation: A functional diagram showing the instrumentation for 
each of the ten stations is given in Figure 2. 
The AGC voltage for each monitored receiver is recorded on a Mosely 
strip chart recorder (Model 680). Calibration of the recorder is 
accomplished by connecting a Hewlett Packard UHF signal generator (Model 
616A) to the input of the receiver and adjusting the recorder sensitivity 
so that full scale deflection corresponds to a pre-selected input level. 
The input level is determined by the characteristics of the receiver at a 
given station. This input level is approximately -35 dbm. 
Light sensor diodes (H38) are used to quantize the AGC voltage to 
correspond to 5 db increments of the input signal. 
of the signal generator is reduced 45 db from the pre-selected input 
level, in 5 db steps. 
bration mark on the Mosely recorder. 
nonuniform since the AGC signal is nonlinear with respect to the calibrated 
input signal). 
recorder is given in Figure 3 .  
The calibrated output 
A single diode is positioned above each 5 db cali- 
(The spacing of the diodes will be 
A photograph showing the diode units mounted on the Mosely 
A metal plate mounted on the Mosely recorder pen will shield the 
light sensor above the pen from the energizing light source. 
in a position corresponding to full-scale deflection, ten elapsed time 
meters (GE type 236) of the signal distribution analyzer will be activated. 
A s  the input signal is lowered by 5 db, the number one photo diode will be 
energized and will cause elapsed time meter number one to cease operation. 
Lowering the receiver input signal an additional 5 db will cause photo 
diode number two to be energized and will deactivate clock number two. 
With the pen 
13 
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Figure  3 .  Photograph Showing Diode Uni ts  Mounted On Mosely Recorder. 
. 
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For each a d d i t i o n a l  5 db decrease  of t h e  inpu t  s i g n a l ,  an a d d i t i o n a l  
c lock w i l l  be deac t iva ted .  A l og ic  c i r c u i t  p revents  t h e  photo diodes 
corresponding t o  s i g n a l  levels below t h a t  of t h e  ins tan taneous  rece ived  
s i g n a l  level from ope ra t ing  and deac t iva t ing  t h e i r  r e s p e c t i v e  c locks .  
A photograph of t h e  ins t rumenta t ion  f o r  a t y p i c a l  s t a t i o n  is  shown 
i n  F igure  4 .  Note t h a t  t h e r e  a r e  e leven  clocks mounted on t h e  s i g n a l  
d i s t r i b u t i o n  analyzer .  The e x t r a  c lock  runs cont inuously t o  g ive  t h e  
t o t a l  e lapsed  t i m e .  
t o  i n d i c a t e  on t h e  s t r i p  c h a r t  record when a s t a t i o n  r ece ive r  has an 
outage.  
meter readings .  
One a d d i t i o n a l  func t ion  of t h e  Mosely r eco rde r  i s  
This  outage t i m e  must be sub t r ac t ed  from t h e  t o t a l  e lapsed  t i m e  
The e leven  elapsed t i m e  meters p lus  an i d e n t i f i c a t i o n  d a t a  p l a t e  
are shown mounted on t h e  f r o n t  panel  of t h e  d i s t r i b u t i o n  ana lyzer  u n i t  
i n  Figure 4 .  
frame) w i t h  an a t tached  timer photographs the  pane l  assembly every s i x  
hours .  
An automatic  camera (Olympus Pen Model EM, 35 mm - 1 / 2  
Each i n s t a l l a t i o n  i s  rou t ine ly  se rv iced  every two weeks. The 
equipment i s  checked and c a l i b r a t e d ,  f i lm  and c h a r t  paper rep laced ,  etc. 
The ins t rumenta t ion  f o r  a l l  t e n  s t a t i o n s  has been completed and 
i n s t a l l e d .  All t e n  s t a t i o n s  were completely instrumented and ope ra t ing  
proper ly  by February 11, 1966. 
16 
Figure 4 .  Photograph Showing The Instrumentation For A Typical Station. 
17 . 
C.  Data Reducation: The d a t a  obta ined  from t h e  s i g n a l  d i s t r i b u t i o n  
ana lyzer  is  used t o  p l o t  t h e  s i g n a l  d i s t r i b u t i o n  curves .  
is  shown i n  Figure 5 .  
A t y p i c a l  curve 
The s i g n a l  d i s t r i b u t i o n  curve is  normalized w i t h  r e s p e c t  t o  t h e  
r e c e i v e r  AGC vol tage .  
a func t ion  of t h e  power inpu t  t o  t h e  receiver is  shown i n  F igure  6 .  
i nd ica t ed  on t h i s  curve,  t h e r e  is a p a r t i c u l a r  va lue  of r e c e i v e r  input  
power f o r  which t h e  AGC vo l t age  drops sharp ly .  
of i npu t  power i s  t h e  maximum usable  s i g n a l  power f o r  t h e  receiver. 
I n  normal ope ra t ion ,  t h e  received s i g n a l  never reaches  t h i s  l e v e l .  The 
maximum c a l i b r a t i o n  va lue  i s  normalized t o  zero db f o r  p l o t t i n g  t h e  s i g n a l  
d i s t r i b u t i o n  curve.  The o rd ina te  of t h e  d i s t r i b u t i o n  curve is  thus  t h e  
level ( i n  db) t h a t  t h e  rece ived  s i g n a l  i s  below t h e  maximum c a l i b r a t i o n  
level. The absc i s sa  of t h e  d i s t r i b u t i o n  curve i s  t h e  percent  t i m e  of t h e  
t o t a l  r epor t ing  i n t e r v a l .  
weeks, o r  months. The coordinate  p o i n t s ,  A and B ,  shown on t h e  d i s t r i b u t i o n  
curve of Figure 5 should be i n t e r p r e t e d  t o  mean t h a t  t h e  s i g n a l  l e v e l  w a s  
equa l  t o  o r  less than A db f o r  B percent  of t h e  t i m e .  
A c h a r a c t e r i s t i c  curve showing t h e  AGC v o l t a g e  as 
A s  
This p a r t i c u l a r  va lue  
The t i m e  i n t e r v a l  considered can be hours ,  days,  
. 
18 
. 
VI 0 m 4 o  I n  0 VI 
rl r\I r\I m m 
I I I i I I 
VI 0 + I rl 
. 
5.0 
t 
0.0 
19 
-85 -30 
Power Inp.ut to Receiver (dbm) 
Figure 6. A General AGC Voltage Characteristic Curve 
n 
. 
20 
. 
Signa l  level d i s t r i b u t i o n  curves are p l o t t e d  f o r  each of t h e  
t e n  s e l e c t e d  pa ths .  
a fou r t een  day record ing  per iod .  
each pa th  on a monthly and semi-annual b a s i s .  
The d a t a  f o r  each d i s t r i b u t i o n  curve r ep resen t s  
Curves w i l l  a l s o  be  p l o t t e d  f o r  
For t h e  r e p o r t i n g  per iod  ending March 15, 1966,  approximately 
twenty percent  of t h e  t o t a l  s i g n a l  d i s t r i b u t i o n  d a t a  has  been taken. 
Seventy-five percent  of t h i s  da t a  has been analyzed. 
D. Addi t iona l  Analysis :  Work is underway f o r  ob ta in ing  simultaneous 
record ings  of t h e  AGC s i g n a l s  f o r  t h e  t h r e e  pa ths  i n  geographical  
reg ion  B. These s i g n a l s  w i l l  be recorded on an Ampex SP-300 Ins t ru-  
mentat ion Recorder. The recorded AGC s i g n a l s  w i l l  be c ross -cor re la ted .  
The gene ra l ly  he ld  theory governing propagat ion r e l i a b i l i t y  
i s  t h a t  t h e  v a r i a t i o n s  i n  s i g n a l  s t r e n g t h  are due t o  changes i n  l o c a l  
meteoro logica l  cond i t ions  along t h e  propagat ion pa th .  I f  t h e r e  i s  
any major degree of c o r r e l a t i o n  between t h e  f l u c t u a t i o n s  of t h e  s i g n a l s  
during per iods  of fad ing  a c t i v i t y ,  as determined by t h e  p re sen t  s tudy ,  
t h e  gene ra l ly  he ld  theory  must be reconsidered.  
observa t ions  of s t r i p  c h a r t  records ,  publ ished d a t a  has  n o t  been found 
which p e r t a i n s  t o  c ross -cor re la t ion  f o r  d i f f e r e n t  propagat ion pa ths .  
Other than  v i s u a l  
